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Sir: 

I, Satoshi Takeo, declare that: 

I was born in Nagasaki, Japan, in 1942; 

I am a citizen of Japan and a resident of 1-25-42-802, Momochi, 
Sawara-ku, Fukuoka, 8140006, Japan; 

I received my doctor degree on the study of "Effects of 
isoproterenol on myocardial fatty acid metabolism" at Kumamoto 
University Medical School, Kumamoto, Japan, in 1977 ; 

I have worked as Scientist of the Institute of Organic Chemistry 
at Tanabe Seiyaku Co. Ltd. in Japan from 1967 till 1973; 

I was a postdoctoral fellow of Canadian Heart Foundation of 
Department of Physiology of Faculty of Medicine at the University 
of Manitoba, Canada, from 1977 till 1979; 

I was a visiting Scientist of the Medical and Biological 
Institute at Casella AG, Germany, from 1979 till 1980. 

I was appointed as Assistant Professor of Department of Kumamoto 
University Medical School, Kumamoto Japan, in 1980; 
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I was appointed as Assistant Professor of Faculty of Medicine 
at Ryukyu University, Okinawa Japan, in 1982; 

I was appointed as Professor of Faculty of Pharmaceutical 
Sciences at Fukuyama University, Hiroshima Japan, in 1983; 

I was appointed as Professor of Division of Pharmacology at 
Tokyo University of Pharmacy and Life Sciences, Tokyo Japan, in 
1989; 

I am one of the inventors for this application. 

I have many reports (43) relating to microsphere embolism-induced, 
sustained ischemia in brain, in corroboration with my colleagues, 
as shown below. I believe that we are exerts for the pathogenesis 
of microsphere-induced sustained ischemia and drug effects on it. 
The reports are as follows: 

1. S. Takeo, K. Miyake, R. Minematsu, K. Tanonaka, M. Konishi: In 
vitro effect of naf tidrof uryl oxalate on cerebral mitochondria 
impaired by microsphere-induced embolism in rats. , The Journal 
of Pharmacology and Experimental Therapeutics, 248: 1207-1213 
(1989) . 

2. K. Miyake, K. Tanonaka, R. Minematsu, K. Inoue, S. Takeo: Possible 

therapeutic effect of naf tidrof uryl oxalate on brain energy 
metabolism after microsphere-induced cerebral embolism. , 
British Journal of Pharmacology, 98: 389-396 (1989). 

3. S. Takeo, K. Tanonaka, R. Tanonaka, K. Miyake, K. Okano, Y. Ohga, 
Y. Kishimoto, K. Kawakami, M. Hiramatsu, M. Ono,Y. Taniguchi : 
Time course of changes in brain energy metabolism after 
microsphere-induced cerebral embolism in rats., Japanese 
Journal of Pharmacology. , 55: 197-209 (1991). 



S. Takeo, R. Tanonaka, K. Miyake, K. Tanonaka, K. Kawakami, M. 
Ono, M. Hiramatsu, K. Okano: Naf tidrof uryl oxalate improves 
impaired brain glucose metabolism after microsphere-induced 
cerebral embolism in rats. , The Journal of Pharmacology and 
Experimental therapeutics,, 257: 404-410 (1991). 

S. Takeo, T. Taguchi, K. Tanonaka, K. Miyake, T. Horiguchi, N. 
Takagi, K. Fujimori: Sustained damage to energy metabolism of 
brain regions following microsphere-induced cerebral ischemia 
in rats., Stroke, 23: 62-68 (1992). 

K. Miyake, T. Taguchi, K. Tanonaka, T. Horiguchi, N . Takagi, 
S. Takeo: Beneficial effects of naf tidrof uryl oxalate on brain 
regional energy metabolism after microsphere-induced cerebral 
embolism. , The Journal of Pharmacology and Experimental 
Therapeutics, 260: 1058-1066 (1992). 

K. Miyake, S. Takeo, H. Kajihara: Sustained decrease in brain 
regional blood flow following microsphere embolism in rats., 
Stroke, 24: 415-420 (1993) 

K. Miyake, K. Tanonaka, Y. Nasa, N. Takagi, T. Tsuchiya, M. 
Yoshizawa, Y. Fujioka, S. Takeo: Effects of naf tidrof uryl 
oxalate on microsphere embolism-induced changes in 
tricarboxylic acid cycle intermediates of rats., European 
Journal of Pharmacology, 235: 75-81 (1993) 

T. Taguchi, K. Miyake, K. Tanonaka, M. Okada, N. Takagi, K. 
Fujimori, S. Takeo: Sustained changes in acetylcholine and 
amino acid of brain regions following microsphere-induced 



CI * 

cerebral ischemia in rats., Japanese Journal of Pharmacology,, 
62: 269-278 (1993) 

10. K. Miyake, N. Takagi, S. Takeo: Effects of naf tidrof uryl 
oxalate on microsphere embolism-induced decrease in regional 
blood flow of rat brains . , British Journal of Pharmacology, 
112: 226-230 (1994) 

11. T. Taguchi, K. Miyake, K. Tanonaka, N. Takagi, M. Okada, S. 
Takeo: Effects of naf tidrof uryl oxalate on sustained ischemic 
changes in brain regional acetylcholine and amino acid 
metabolism in rats., Experimental Brain Research, 99: 7-16 
(1994) 

12. N. Takagi, H. Tsuru, M. Yamamura, S. Takeo: Changes in striatal 
dopamine metabolism after microsphere embolism in rats . , Stroke, 
26: 1101-1106 (1995) 

13. N. Takagi, K. Miyake, A. Ohiwa, R. Nukaga, S. Takeo: Effects 
of delayed treatment with nafronyl oxalate on 
microsphere-induced changes in monoamine levels of rat brain 
regions., British Journal of Pharmacology, 118: 33-40 (1996) 

14. H. Hayashi, N. Takagi, N. Kamimoto, S. Takeo: Changes in 
synaptosomal function of the cerebral cortex following 
microsphere-induced ischemia in rats., Brain Research, 737: 
64-70 (1996) . 

15. S. Takeo, K. Miyake, K. Tanonaka, N. Takagi, K. Takagi, K. 
Kishimoto, M. Suzuki, A. Katsuragi, M. Goto, S. Oshikawa: 
Beneficial effect of nebracetam on energy metabolism after 
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microsphere induced embolism in rat brain., Archieves 
Internationales de Pharmacodynamie et de Therapie, 331(3): 
232-245 (1996) 

N . Takagi, K. Miyake, T. Taguchi, N. Sugita, K. Takagi, H. Tamada, 
S . Takeo : Changes in cholinergic neurons and failure in learning 
function after microsphere embolism-induced cerebral 
ischemia., Brain Research Bulletin, 43(1): 87-92 (1997) 

N. Takagi, K. Miyake, T. Taguchi, H. Tamada, K. Takagi, N. Sugita, 
S. Takeo: Failure in Learning task and Loss of cortical 
cholinergic fibers in microsphere-embolized rats., 
Experimental Brain Research, 114(2): 279-287 (1997) 

S. Takeo, H. Hayashi, M. Tadokoro, K. Takagi, K, Miyake, N. 
Takagi, S. Oshikawa: Effects of nebracetam on monoamine uptake 
and release of striatal and hippocampal synaptosomes of rats. , 
Biological & Pharmaceutical Bulletin, 20(4): 360-363 (1997). 

S. Takeo, H. Hayashi, K. Miyake, K. Takagi, M. Tadokoro, N. 
Takagi, S. Oshikawa: Effects of delayed treatment with 
nebracetam on neurotransmitters in brain regions after 
microsphere embolism in rats. , British Journal of Pharmacology , 
121: 477-484 (1997) 

H. Hayashi, K. Sato, Y. Kuruhara, S. Takeo: Microsphere 
embolism-induced changes in noradrenaline release of the 
cerebral cortex in rats., Brain Research, 783:241-248 (1998) 

H. Hayashi, S. Hirota, S. Takeo: Microsphere embolism-induced 
changes in noradrenaline uptake of the cerebral cortex in rats. , 
Brain Research, 808: 190-196 (1998) 



22. N. Mizuma, K. Takagi, K. Miyake, N. Takagi, K. Ishida, S. Takeo, 

A. Nitta, H. Nomoto, Y. Furukawa, S. Furukawa: Increase in nerve 
growth factor of brain regions following microsphere embolism 
in rats., Journal of Neuroscience Research, 55 (6):749-761 
(1999) 

23. K. Takagi, K. Miyake, N . Takagi, M. Tadokoro, E. Nakayama, A. 
Nagakura, H. Tamura, S. Takeo: Characterization of microsphere 
embolism-induced impairment of learning and memory function 
and the cholinergic system, Biological & Pharmaceutical , 
Bulletin 24(1): 43-49 (2001) 

24. G.Kajihara, E. Tsutsumi, A. Kinoshita, J. Nakano, K. Takagi, 

S. Takeo: Activated astrocytes with glycogen accumulation in 
ischemic penumbra during the early stage of brain infarction: 
immunohistochemical and electron microscopic studies., Brain 
Research, 909: 92-101 (2001) 

25. A. Nagakura, N. Takagi, S. Takeo: Selective reduction in Type 

1 adenylyl cyclase after microsphere embolism in rat brain, 
Neuroscience Letters, 317(2): 69-72 (2002) 

26. N. Takagi, K. Miyake-Takagi , K. Takagi, H. Tamura, S. Takeo: 
Altered extracellular signal-regulated kinase signal 
transduction by the muscarinic acetylcholine and metabotropic 
glutamate receptors after cerebral ischemia., Journal of 
Biological Chemistry, 277(8): 6382-6390 (2002) 



27. K. Miyake, W. Yamamoto, M. Tadokoro, N. Takagi, Y. Sasakawa, 
A. Nitta, S. Furukawa, S. Takeo: Alterations in Hippocampal 
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GAP-43, BDNF, LI following sustained cerebral ischemia., Brain 
Research, 935(1,2): 24-31 (2002) 

28. A. Nagakura, M. Niimura and S. Takeo: Effects of a 
phosphodiesterase IV inhibitor rolipram on microsphere 
embolism-induced defects of memory function and cerebral cAMP 
signal transduction system in rats., British Journal of 
Pharmacology, 135: 1783-1793 (2002) 

29. A. Nagakura, K. Takagi, N. Takagi, M. Fukui, S. Takeo: Changes 
in adenylyl cyclase and cAMP after microsphere embolism in rats. , 
Journal of Neuroscience Research, 68: 363-372 (2002) 

30. A. Nagakura, N. Takagi, S. Takeo: Impairment of cerebral 

cAMP-mediated signal transduction system and of spatial memory 
function after microsphere embolism in rats., Neuroscience, 
113: 519-528 (2002) 

31. T. Fukatsu, K; Miyake-Takagi, A. Nagakukra, K. Omino, N. Okuyama, 
T. Ando, N. Takagi, Y. Furuya, S. Takeo: Effects of delayed 
treatment with nefiracetam on microsphere embolism-induced 
changes in spatial memory function and acetylcholine and GABA 
metabolism in rats., European Journal of Pharmacology, 453(1) : 
59-67 (2002) . 

32. S. Takeo, T. Fukatsu, K. Miyake-Takagi, N. Takagi, M. Niimura, 
A. Nagakura, T. Ando, K. Tanonaka: Persistent effects of delayed 
treatment with nefiracetam on the water maze task in rats with 
sustained cerebral ischemia., Journal of Pharmacology and 
Experimental Therapeutics, 304(2): 513-523 (2003) 
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33. S. Takeo, M. Niimura, A. Nagakura, K. Miyake-Takagi , T. Fukatsu, 
T. Ando, N. Takagi, K. Tanonaka, J. Hara: A possible mechanism 
for improvement by a cognition-enhancer nef iracetam of spatial 
memory function and cAMP-mediated signal transduction system 
in sustained cerebral ischemia in rats., British Journal of 
Pharmacology, 138: 642-654 (2003) 

34. S. Takeo, K. Miyake-Takagi , K. Kikuchi, T. Ando, T. Ichikawa, 
K. Omino, Z. Kajihara, N. Takagi, K. Tanonaka: Effects of 
nefiracetam on cerebral adenylyl cyclase activity in rats with 
microsphere embolism-induced memory dysfunction., Biological 
Pharmaceutical Bulletin, 26(3): 318-322 (2003) 

35. G. Sekiguchi, M. Sugiyama, K, Takagi, N . , Takagi, S. Takeo, 
O. Tanaka, I. Yamato, K. Torigoe, R.S. Nowakowski: Rapid 
appearance of pathological changes of neurons and glia cells 
in the cerebellum of microsphere-embolized rats., Brain 
Research, 978: 228-232 (2003) 

36. I. Date, N. Takagi, K. Takagi, T. Kago, K. Matsumoto, T. Nakamura, 

S. Takeo: Hepatocyte growth factor attenuates cerebral 
ischemia-induced learning dysfunction., Biochemical 
Biophysical Research Communications, 319(4): 1152-1158 (2004) 

37. I. Date, N. Takagi, K. Takagi, T. Kago, K. Matsumoto, T. Nakamura, 
S. Takeo: Hepatocyte growth factor improved learning and memory 
dysfunction of microsphere-embolized rats., Journal of 
Neuroscience Research, 78(3): 442-453 (2004) 



38. T. Ando, N. Takagi, K. Takagi, T. Kago, S. Takeo: Effects of 
nefiracetam on the levels of BDNF and synapsin I mRNA and protein 
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in the hippocampus of microsphere-embolized rats., European 
Journal of Pharmacology, 507:49-56 (2005) 

39. M . Sekiguchi , K. Takagi, N. Takagi, I. Date, S. Takeo, O. Tanaka, 
I. Yamato, S. Kobashikawa, K. Torigoe, R.S. Nowakowski: Time 
course and sequence of pathological changes in the cerebellum 
of microsphere-embolized rats., Experimental Neurology, 
191:266-275 (2005) 

40. T. Kago, N. Takagi, I. Date, Y. Takenaga, K. Takagi, S. Takeo: 
Cerebral ischemia enhances tyrosine phosphorylation of occludin 
in brain capillaries., Biochemical and Biophysical Research 
Communications , 339: 1197-1203 (2006) 

41. I. Date, N. Takagi, K. Takagi, K. Tanonaka, H. Funakoshi, K. 
Matsumoto, T. Nakamura, S. Takeo: Hepatocyte growth factor 
attenuates cerebral ischemia-induced increase in permeability 
of the blood-brain barrier and decreases in expression of tight 
junctional proteins in cerebral vessels . , Neuroscience Letters, 
407 (2) : 141-145 (2006) 

42. Nobuyuki Mochizuki, Norio Takagi, Ko j i Kurokawa, Chika Onozato, 
Yoshiyuki Moriyama, Kouichi Tanonaka, Satoshi Takeo: Injection 
of neural progenitor cells improved learning and memory 
dysfunction after cerebral ischemia., Exp. Neurol., 2008 Feb 
16, PMID 16346733 

43. Nobuyuki Mochizuki, Norio Takagi, Chika Onozato, Yoshiyuki 
Moriyama, Satoshi Takeo, Kouichi Tanonaka: Delayed injection 
of neural progenitor cells improved spatial learning 
dysfunction after cerebral ischemia., Biochem Biophys Res 
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The experiment set out below was conducted under my 
supervision . 

Experiment 

Effects of human recombinant H6F treatment on cerebral 
embolism-Induced hyperpermeablllty In vascular vessel 

1 . Purpose 

Cerebral capillaries are impaired by embolic substances, resulting 
in a progressive alteration in the permeability of the blood-brain 
barrier (BBB) , and leading to formation of ionic edema, vasogenic 
edema and hemorrhagic conversion. When capillaries that form the 
BBB can no longer retain intravascular constituents, such as Na*, 
water, and serum proteins, and blood, these substances enter into 
the extracellular space of the brain and causes edema (Simard et 
al., Lancet Neurol, 6:258-268, 2007 ). The present study was designed 
to determine whether treatment with human recombinant HGF is capable 
of preventing the brain from cerebral embolism-induced alteration 
in vascular permeability and the following damage to cognitive 
function. 

2 . Experimental Animal 

Wistar male rats each weighing 220 to 250 g were used as an 
experimental animal. The animals were freely given feed and water 
and acclimated in an artificial environment at a constant 
temperature (23±1°C), constant humidity (55±5%) and illumination 
for a predetermined time (a cycle of 12 hours of light and 12 hours 
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of darkness) in accordance to the National Institute of Health Guide 
for the Care and Use of Laboratory Animals, and the Guideline for 
Experimental Animal Care, issued by the Prime Minister's Office 
of Japan. 

3 . Sample 

Human recombinant DNA of hepatocyte growth factor (HGF) was 
prepared according to the known method (Nakamura et al., Nature 
342:440-443, 1989) and used as a test sample. 

4 . Preparation of a model with microsphere-induced cerebral 
embolism 

A model with microsphere-induced cerebral embolism was produced 
by the method described previously (Miyake et al., Stroke 24, 
415-420,1993) with some modification. Rats were anesthetized by 
intraperitoneal administration of 40 mg/kg sodium pentobarbital 

(Nembutal, Abbott Laboratories, Canada, USA), and then fixed in 
a supine position. After midline incision, the right common carotid 
artery was exposed, and the blood flow in the right external carotid 
and the right pterygopalatine arteries were temporarily ligated. 
A Seven-hundred of microsphere (diameter of 48 \im, NEN-005, New 
England Nuclear Inc., Boston, USA) suspended in 20 w/v % dextran 
solution was injected into the right common carotid artery via a 
needle (25 G, TERUMO, Tokyo, Japan) connected to a polyethylene 
catheter (3 French size, Atom Medical Co., Ltd., Tokyo). After 
injection, the puncture wound was repaired with a surgical glue 

(Aron Alpha A, Sankyo Co. , Ltd. , Tokyo) , and blood flow of the right 
external carotid and right pterygopalatine arteries was 
recirculated, and the surgical site was sutured. It took about 2 
minutes to recirculate blood flow of the right external carotid 
and right pterygopalatine arteries. The same operation as described 
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above was carried out, and the rats to which 20 w/v % dextran solution 
only was injected was used as sham operation (Sham) rats. 

The rats having cerebral embolism were divided at random into 
an HGF-administered group and a solvent (vehicle) -administered 
group. The continuous injection of HGF into the cerebral ventricle 
was conducted by administering a solution of HGF in physiological 
saline continuously for 7 days into the right cerebral ventricle 
via an osmotic pressure pump (Alzet model 2001, Alzet, Calif., USA) 
from 10 minutes after injection of the microspheres, whereby 30 
]ig HGF was administered per animal. 

5 . Statistical analysis 

Statistical comparison among multiple groups was evaluated by 
analysis of valance (ANOVA) followed by post-hoc Fisher ' s protected 
least significant difference (PLSD) test. The escape latency of 
the water maze test was analyzed by using two-way ANOVA for repeated 
measures followed by post-hoc Fisher's test. Differences with a 
probability of 5% or less were considered significant (P<0.05). 

6 . Changes in neurological deficits 

At 15 hr after the operation for microsphere-induced cerebral 
embolism, the behavior of operated rats was scored based on paucity 
of movement, truncal curvature, and forced circling during 
locomotion, which are considered typical symptoms of stroke in rats . 
Each item was rated from 3 to 0 (3: very severe; 2: severe; 1: 
moderate; 0: little or none). The neurological deficits of the 
operated animals from day 2 to day 28 were determined at 10:00 AM 
every day. 

Figure 1 shows the time course of changes in neurological deficits 
of sham-operated (Sham) , microsphere-embolized (ME) , and 
HGF-treated ME (HGF) rats. 
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About' 84% of the animals with the operation for microsphere 
embolism showed stroke-like symptoms with a total score of 7-9 
points, whereas the Sham animal did not reveal any neurological 
deficits throughout the experiment. Two-way AN OVA revealed no 
significant difference in changes in neurological deficits between 
HGF-untreated ME and HGF-treated ME groups. The neurological 
deficits of the ME animals disappeared on day 12 and thereafter. 
The results suggest that the neurological deficits seen in ME 
animals are not due to an injury in selective brain regions, but 
due to a postoperative outcome during the early period after 
microsphere embolism. 
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Day after operation (day) 

Fig. 1 Time course of changes in neurological deficits of the sham-operated (Sham, closed 
triangles), HGF-untreated ME (ME, closed circles), and 30 Mg/7days/animal HGF-treated ME 
(HGF; open circles) rats. Each value represents the mean ± SEM of 8 animals. There was no 
significant difference in the neurological deficits between the ME and HGF rats. 
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7 . Determination of leakage area of FITC-albumin 

To determine the degree of disruption of BBB, we measured the 
leakage area of fluorescence isothiocyanate-con j ugated albumin 
(FITC-albumin) according to the method of Cavaglia et al. (Brain 
Res 910:81-93, 2001). Rats were anesthetized with an 
intraperitoneal injection of 40 mg/kg pentobarbital. Bilateral 
carotid arteries of the animal were exposed and cannulated with 
polyethylene tubes (SP 31) attached to 24-gauge needles. 
FITC-albumin solution (10 mg/mL in 0 . 1 M phosphate buffered saline, 
pH 7.4), was perfused through the carotid arteries at a rate of 
ImL/min (10 mL/kg) using a syringe pump. To avoid elevation of the 
cerebrovascular pressure, we withdrew the same amount of blood from 
the inferior vena cava. Immediately after perfusion, the rats were 
decapitated and their brains were isolated. The brains were fixed 
for 24 hr in 4% paraformaldehyde and then cryoprotected in a 10%, 
20%, and 30% sucrose solution for 4 hr for each concentration. Then, 
the brains were embedded in Tissue-Tec O.C.T. compound (O.C.T. 
compound, Sakura, Tokyo) and frozen in liquid nitrogen. Frozen 
coronal brain sections (40 \im thick) were cut on a cryostat, and 
thaw-mounted on poly-L-lysine-coated microslide glasses. Sections 
were embedded in 0 . 1 M phosphate buffered saline for 30 min, mounted 
with DAKO Fluorescent mounting medium (DAKO, USA) , and thereafter 
observed under a fluorescence microscope. The leakage area of 
FITC-albumin ( FITC-stained areas out of the cerebral vessels) was 
measured using an image analysis software. 

Figure 2 shows the time course of changes in the leakage area of 
FITC-albumin in the selective regions to determine the disruption 
of BBB up to day 28 after the operation. Leakage of FITC-albumin 
started on day 1 and the maximal leakage was detected on day 3 after 
the embolism. Thereafter, the leakage area of FITC-albumin was 
decreased on days 5 and 7 after the embolism. The leakage area of 
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FITC-albumin was not detected on day 14 or 28 after the embolism. 
The results suggest that increased vascular permeability is induced 
during the early period after microsphere embolism, which may be 
involved in brain edema. 
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Fig. 2 Time course of changes in FITC-albumin leakage of the HGF-untreated ME rat on 
days 1, 3, 5, 7, 14, and 28 after the operation. Each value for leakage area of FITC-albumin 
represents the mean percentage of total area of the ipsilateral hemisphere ± SEM of 3 (on 
days 1 , 3, 5, and 7) - 5 (on days 14 and 28) animals. 

8. Effect of HGF treatment on leakage area of FITC albumin 

The effect of HGF on the leakage of FITC-albumin on day 7 after 
microsphere embolism was examined. Marked degeneration and 
vacuolation of the right hemisphere were not seen by a gross 
observation of the brain and the leakage of FITC-albumin was still 
evident in a wide area of the brain on day 7. In addition, there 
was no leakage of FITC-albumin on day 14 after microsphere embolism. 
Therefore, the effect of HGF treatment on the leakage area of 
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FITC-albumin was examined on day 7 after microsphere embolism. In 
the ME rats, the leakage of FITC-albumin was seen in approximately 
28% of the ipsilateral cerebral hemisphere, and treatment with HGF 
almost completely protected against it [F (2, 9)=19.734, P<0.001, 
post-hoc Fisher's PLSD, P<0.001, n=4 each], (Figure 3) . The results 
indicate that the disruption of BBB induced by microsphere embolism 
was attenuated by HGF treatment. 
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Fig. 3 Effect of HGF treatment on the leakage area of FITC-albumin in the HGF-untreated 
ME (ME) and 30 |jg/7days/animal HGF-treated ME (HGF) rats on day 7 after the operation. 
Each value for the leakage area of FITC-albumin represents the mean percentage of total 
area of the ipsilateral hemisphere ± SEM of 4 animals. Significant difference from the 
HGF-untreated ME group (p<0.05). 'Sham 1 indicates sham-operated animals. Leakage of 
FITC-albumin was measured as shown in Fig 2. 



9. Effect of HGF treatment: on changes in water and ion content of 
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cerebral hemispheres 

To determine brain water and cations including Na + , K + , Ca 2+ , and 
Mg 2+ , rats were intraperitoneally anesthetized with 50 mg/kg sodium 
pentobarbital. Washing buffer (320 niM mannitol / 20 mM Tris HC1, 
pH 7.4) was transcardially perfused for 5 min at a rate of 9 mL/min 
by using a microtube pump, for eliminating tissue cations in 
vascular and extracellular spaces. A preliminary study was 
undertaken to determine the method for elimination of cations 
present in the extracellular and vascular spaces in the brain by 
using Cobalt-EDTA/mannitol/Tris buffer, which is believed to access 
vascular and extracellular, but not intracellular, spaces. 
Perfusion of the brain through both carotid arteries with 45 mL 
of the above buffer at the infusion speed of 9 mL/min was appropriate 
to eliminate cations present in the extracellular and vascular 
spaces. The right and left hemispheres of the brain were quickly 
isolated on ice. After the tissue had been transferred into the 
vial, its wet weight was determined. The tissue was dried at 120°C 
for 72 hrs. After estimation of dry tissue weight, the brain 
hemisphere was digested at 180 °C with 60% (w/w) HN0 3 , and then the 
mixture was evaporated to dryness at 180 °C. The residue was 
reconstituted with 0.75 N HN0 3 - The concentrations of the four 
cations in the supernatant fluid were determined using an atomic 
absorption spectrophotometer . 

In the present study, water and ion content of the cerebral 
hemispheres were determined on day 3 after microsphere embolism, 
since occludin and ZO-1, tight junctional proteins of BBB (Watson 
et al., FASEB J 5:2013-2019, 1991), were significantly lower than 
the controls on day 1- day 3 after microsphere embolism (Date et 
al., Neuroscience Lett 407:141-145, 2006). This result suggests 
the possibility that the disruption of BBB and formation of brain 
edema occur at an early period after microsphere embolism. 
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Figure 4 shows tissue water and cation content in the cerebral 
hemispheres of the sham-operated (Sham) , HGF-untreated ME (ME) , 
and HGF-treated ME (HGF) rats on day 3 after the operation. The 
brain water content in the right hemisphere of the Sham rat was 
not significantly altered when compared with the control, whereas 
that of the HGF-untreated ME rat was significantly increased when 
compared with the Sham animal. Treatment with HGF attenuated the 
increase in the brain water content of the right hemisphere of the 
ME rat on day 3 after the operation (AN OVA : F (3, 11) =65. 386, 
P<0.0001) ; Fisher's PLSD: Sham vs. ME: P<0.0001; ME vs. HGF, P<0.01) . 
A minor, but significant, decrease in tissue water content of the 
left hemisphere and its partial, but significant, reversal by HGF 
treatment were seen (ANOVA: F (3, 11)=4.402, P<0.05; Fisher' s PLSD: 
Sham vs. ME, P<0.01; ME vs. HGF, P<0.05). 

Changes in tissue Na + content of the right and left hemispheres 
of HGF-untreated and HGF-treated ME rats were comparable with those 
in water content (ANOVA: F (3, 11) =187. 550, P<0.0001; Fisher' s PLSD: 
Sham vs. ME, P<0.0001; ME vs. HGF, P<0.05, in the right hemisphere) 
and (ANOVA: F (3, 11)=5.794, P<0.05; Fisher's PLSD: Sham vs . ME, 
P<0.01; ME vs. HGF, P<0.05, in the left hemisphere). 

Changes in tissue Ca 2 * content of the right hemisphere of the ME 
animal on day 3 were similar to those of Na + content (ANOVA: F (3, 
11)=204.087, P<0.0001; Fisher's PLSD: Sham vs . ME, P<0.0001; ME 
vs. HGF, P<0.001), whereas tissue Ca 2+ content in the left hemisphere 
was not altered by microsphere embolism. 

Although tissue K + and Mg 2+ contents of the right hemisphere were 
decreased after microsphere embolism, these decreased contents were 
not affected by treatment with HGF. 

The results indicate that the brain edema is induced by 
microsphere embolism and treatment with HGF ameliorates 
microsphere embolism-induced brain edema. Changes in Na + and Ca 2+ 

18 



contents in the right hemisphere were synchronized with those in 
the brain water contents, but not those in the corresponding K + 
and Mg 2+ content. This K + loss might occur due to ischemia-induced 
shortage of ATP production in the brain, followed by energy 
shortage-induced dysfunction of Na + , K + -pump and subsequent 
retention of K + in the extracellular space. Finally, the 
extracellular K + may be washed out by the perfusion with the 
mannitol/Tris buffer. 
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Fig. 4 Effect of HGF treatment on the brain water and cation contents in the HGF-untreated 
ME (ME) and 30 Mg/7days/animal HGF-treated ME (HGF) rats on day 3 after the operation. 
'Cont' indicates non-operated rats. 'Sham 1 indicates sham-operated animals. Each value 
represents the mean ± SEM of 3 (Cont) and 4 (Sham, ME, and HGF) animals. *Significant 
difference from the sham-operated group (p<0.05); #Significant difference from the 
HGF-untreated ME group (p<0.05). Two-way ANOVA followed by post-hoc Fisher's PLSD test 
revealed significant differences in changes in tissue water and cations between Sham and ME 
groups (*) and between ME and HGF groups (#).(p<0.05). 
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10. Morris water maze test of the ME animal 

The water maze test was performed according to the method described 
previously (Morris, Learn. Motiv 12:239-260, 1981; Takagi et al., 
Exp Brain Res 114 1279-287, 1997) . The water maze apparatus consisted 
of a circular pool with a diameter of 170 cm and a 30-cm depth of 
water. The water temperature was maintained at 23 ± 1°C. A hidden 
clear circular platform with a diameter of 12 cm was placed 1.5 
cm below the surface of the water and kept in a constant position 
in the center of 1 of the 4 quadrants of the pool. The animals were 
released from 3 randomly assigned start locations (excluding the 
platform-containing quadrant) . The cut-off time for each trial was 
set at 180 sec. When a rat had mounted the platform, it was kept 
there for 30 sec. Data collection was automated by an online 
video-tracking device designed to track an object in a field. Escape 
latency (the time to climb onto the platform) and swimming speed 
(the distance that the animals swam divided by escape time) were 
determined for each trial with a behavioral tracing analyzer. Each 
trial was performed with an intertrial interval of approximately 
1 hr. The acquisition test was started on day 12 after the operation. 
Animals were tested in the water maze by using a 3 trials/day regimen. 
The escape latency of the sham-operated rat in the acquisition test 
was shortened along with trial number, whereas that of the ME rat 
was not shortened. Treatment with HGF resulted in a shortening of 
the escape latency of the ME rat. Two-way ANOVA of the data in the 
acquisition test revealed a significant difference in the escape 
latency by groups [F (2, 21) =40.889, p<0.0001, n=8 each] and by 
days [F (8, 168) =10,309, p<0.0001, n=8 each]. 

To determine whether the animals could retain the spatial 
navigation ability in the hidden platform test, the retention test 
was performed on days 21 and 28 after the operation. The regimen 
and starting point used for this task were the same as those 
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conducted in the acquisition test on day 14. The escape latency 
of HGF-treated ME rats was attenuated compared with that of the 
HGF-untreated ME rats from the first to the third trials on days 
21 and 28. Two-way AN OVA of the data in the retention test revealed 
a significant difference in the escape latency by groups on day 
21 [F2, 21=14.530, p=0.0001, n=8 each]. The group by day interaction 
was not significant (p=0.6082, n=8). On day 28 there was a 
significant difference in the escape latency by groups [F (2, 21) 
=14.530, p<0.0001, n=8 each] . The group by day interaction was not 
significant (p=0.5227, n=8) . Post-hoc Fisher's PLSD test showed 
significant differences ( * ) in the escape latency at each trial 
in the retention test on days 21 and 28 between the Sham and ME 
groups (*) and between the ME and HGF groups (# ) (p<0.05). 

The swimming speed (the distance that the animals swam divided 
by the time to escape onto the platform) in the water maze task 
was similar in all groups examined as long as the swimming speed 
was compared with that on the same day or in the same trial order. 
For example, the swimming speeds on day 12 were 31.0±2.1 for Sham, 
25.2 ± 1.5 for ME, and 28.1 ±3.2 cm/sec for HGF-treated ME groups 
(n=8 each) . 

The habituation test on day 11 and the visible platform test on 
day 28 were performed. There were no ME animals that must be 
eliminated due to a failure in habituation task and visible platform 
task. Thus, there were no animals to be eliminated due to the 
swimming disability and optical failure. 

The results suggest that treatment with HGF improves learning and 
memory dysfunction seen after microsphere embolism. 
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Fig. 5 The effect of HGF treatment on escape latency of the spatial learning and memory 
test in the water maze task. 

Changes in the escape latency of the acquisition (A) and the retention (B) tests in the water 
maze task for the sham-operated (Sham; closed triangle), HGF-untreated ME (ME; closed 
circle), and 30 pg/7days/animal HGF-treated ME (HGF, open circle) rats were determined. 
Each value represents the mean ±SEM of 8 animals. There were significant differences in the 
escape latency between Sham and ME groups ( * ) and between ME and HGF groups (#) in 
the acquisition and retention tests. 
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1 1 . Conclusion 

In conclusion, the results in the current experiments suggest that 
HGF-treatment is capable of suppressing brain edema, which occurs 
at the early stage after the cerebral embolism, and contributing 
to the protection of the brain against cognitive deterioration 
following embolism-induced brain ischemia. 

It is declared by the undersigned that all statements made 
herein of undersigned' s own knowledge are true and that all 
statements made on information and belief are believed to be true; 
and further that these statements were made with the knowledge that 
willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under 18 U.S.C. 1001, and that such 
willful false statements may jeopardize the validity of the 
above-identified application or any patent issuing thereon. 



Thisjj3day of May, 2008 
Satoshi Takeo 
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STUDY 



Mediation of Systemic Vascular Hyperpermeability 
in Severe Psoriasis by Circulating Vascular 
Endothelial Growth Factor 

Daniel Creamer, MBBChir, MRCP; Michael Allen, MPhil; Rhysjaggar, PhD; 
Richard Stevens, MBBS, MRCP; Roy Bicknell, DPhil; Jonathan Barker, MD 



Background: Severe forms of psoriasis can be compli- 
cated by systemic microvascular hyperpermeability. Vas- 
cular endothelial growth factor (VEGF) possesses po- 
tent vascular permeability activity. We suggest that VEGF 
enters the systemic circulation and acts on microvessels 
to mediate hyperpermeability. 

Objectives: To quantify renal microvascular perme- 
ability and circulating VEGF concentration in severe pso- 
riasis, and to investigate the relationship between plasma 
VEGF concentration and skin and joint involvement. 

Design: Inception cohort studies of patients with gen- 
eralized pustular psoriasis and plaque psoriasis. 

Setting: St John's Institute of Dermatology, London, 
England. 

Patients: Twenty-two patients (15 men and 7 women) with 
moderate and severe psoriasis were recruited (age range, 
29-77 years; mean age, 47 years); 5 had generalized pus- 
tular psoriasis, 2 had erythroderma psoriasis, and 15 had 
moderate-severe plaque psoriasis. An age- and sex-matched 
control group of 1 7 individuals (10 men and 7 women) was 
recruited (age range, 29-69 years; mean age, 42 years). 



Results: There was pathological proteinuria in patients 
with relapsing generalized pustular psoriasis, (4-fold in- 
crease in urinary protein excretion rate in relapse com- 
pared with remission). In patients with moderate and 
severe psoriasis, mean plasma VEGF concentration dur- 
ing relapse was approximately 2.5 times greater than 
during remission (mean VEGF rclapse = 257 pg/mL; mean 
VEGF rcmission =103 pg/mL; P<.01). There was a cor- 
relation between extent of skin involvement and plasma 
VEGF level (mean VEGF severe psoriasi5 = 365 pg/mL; mean 
VEGF moderatc p SO riasis= 149 pg/mL; P=.03). There was a 
correlation between presence of psoriatic arthritis 
and plasma VEGF level (mean relapse VEGF artWs =277 
pg/mL; mean relapse VEGF nonarthritis = 103.5 pg/mL; 
P=.03). 

Conclusions: Generalized pustular psoriasis is accom- 
panied by pathological proteinuria and elevated plasma 
VEGF levels. Plasma VEGF concentration is signifi- 
cantly elevated in patients with extensive skin and joint 
involvement and may act on renal microvasculature to 
induce hyperpermeability. 



Arch Dermatol 2002;138:791-796 



From St John's Institute of 
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PSORIASIS IS A common, chronic 
skin disease characterized by 
hyperproliferation of the epi- 
dermis, inflammatory cell ac- 
cumulation, and elongation 
and exaggerated tortuosity of cutaneous 
blood vessels. 1 - 2 Evidence 3,4 suggests that ex- 
pansion of the superficial dermal microvas- 
cular plexus in psoriasis is mediated by an 
active vasoproliferative process known as 
angiogenesis. Under physiological condi- 
tions, angiogenesis occurs in the endome- 
trial cycle and during wound healing, 
whereas pathological angiogenesis is im- 
portant in tumor growth and metastasis, ath- 
erosclerosis, and certain inflammatory con- 
ditions, such as rheumatoid arthritis. 5 
Vascular proliferation in angiogenesis is 
driven by the local expression of angio- 
genic factors 6 and in psoriasis studies 7 " 13 have 
demonstrated overexpression by lesional 



skin of several angiogenic peptides, includ- 
ing tumor necrosis factor a, transforming 
growth factor ot, interleukin 8, thymidine 
phosphorylase, endothelial cell-stimulat- 
ing angiogenesis factor, angiopoietin, and 
vascular endothelial growth factor (VEGF). 

Vascular endothelial growth factor was 
originally identified as a tumor cell- 
derived factor that induced microvascular 
hyperpermeabihty and was therefore ini- 
tially termed vascular permeability fac- 
tor. 1 * Subsequent studies 15 characterized 
VEGF as an endothelial cell-specific mi- 
togen. Vascular endothelial growth factor 
is recognized as a central regulator of an- 
giogenesis because endothelial prolifera- 
tion and microvascular hyperpermeabil- 
ity are critical early steps in the angiogene- 
sis pathway. 16 Results of clinical studies 17 
have suggested that high levels of circu- 
lating VEGF may induce systemic micro- 



( RE PRINTED) ARCH DERMATOL /VOL 138, JUNE 2002 WWW.ARCHDERMATOL.COM 

791 

Downloaded from www.archdermatol.com on May 1 , 2008 
©2002 American Medical Association. All rights reserved. 



PATIENTS, MATERIALS, 
AND METHODS 

PATIENTS 

Patients participated in this study after regional and hospital 
ethics committee approval had been obtained. Of the 22 pa- 
tients (15 men and 7 women; age range, 29-77 years; mean 
age, 47 years) with active psoriasis in this study, 5 had GPP, 
2 had erythrodermic psoriasis, and 15 had moderate-severe 
plaque psoriasis (Table 1 ). Psoriasis Area and Severity In- 
dex (PASI) scoring was used to assess disease activity in pa- 
tients with plaque psoriasis and in those with GPP in remis- 
sion. 23 For purposes of comparison, severe psoriasis was 
denned as GPP or plaque disease with a PASI score greater 
than 30, whereas moderate psoriasis was denned as plaque 
disease with a PASI score less than 30. Ten of 22 patients had 
active psoriatic arthritis at the time of relapse of their skin 
disease. Patients were classified as having active arthritis if 
they had morning stiffness for more than 45 minutes, 5 swol- 
len joints, and 5 tender joints. 24 Venous blood samples were 
taken from all 22 patients for VEGF analysis during relapse 
and remission. Blood samples were taken from premeno- 
pausal women at times outside menstruation. Urine speci- 
mens were taken from patients with GPP for protein analy- 
sis during relapse and remission. Relapse was denned as a 
flare of disease activity characterized by a PASI score in- 
crease greater than 70%, and remission was defined as a na- 
dir of disease activity after treatment characterized by a PASI 
score decrease greater than 70%. 

A control group of 17 individuals (10 men and 7 wom- 
en; age range, 29-69 years; mean age, 42 years) was re- 
cruited. Venous blood samples were obtained from each con- 
trol for VEGF analysis. Again, in premenopausal women, 
blood samples were obtained at times outside menstruation. 

A separate group of 8 patients (5 men and 3 women; 
age range, 24-69 years; mean age, 42 years) with active 
psoriatic arthritis was enrolled, psoriatic arthritis being 
defined according to the criteria of Moll and Wright. 25 All 
patients had monoarthritis or oligoarthritis with involve- 
ment of at least 1 knee joint. Synovial fluid samples for VEGF 
analysis were obtained from knee joints displaying clini- 
cal signs of active synovitis (Table 2). 

For RNA experiments, two 6-mm punch biopsy 
samples were taken from active plaques in 4 patients. 
Treatment was limited to emollients alone in the 2 weeks 
preceding biopsy. Normal skin tissue for RNA extraction 
was obtained from operative mammoplasty procedures 
(n=3). 

URINARY PROTEIN EXCRETION 

Urinary protein excretion rates (UPERs) in 5 patients with 
GPP were quantified in relapse and remission. Timed 
24-hour samples were collected, and protein was assayed 
using a dye-binding colorimetric method (Biotrol Urine 
Proteins; Diagnostics Merck-Biotrol, Nogent-sur-Marne, 
France). The assay uses a molybdate— pyrogallol red com- 
plex that reacts with protein in acidic solution to form a 



vascular hyperpermeability in situations characterized by 
widespread capillary leak, such as the ovarian hypers timu- 
lation syndrome. In patients with extensive, active pso- 



blue-purple complex that absorbs at 600 nm. 26 The color 
intensity measured at 600 nm is directly proportional to 
^ the protein concentration in the sample. 

VEGF ENZYME-LINKED IMMUNOSORBENT ASSAY 

Venous blood samples were immediately anticoagulated with 
sodium heparin, 10 U/mL, in sterile, endotoxin-free tubes 
and centrifuged at 400g for 10 minutes, supernatant re- 
moved, and stored at -70°C until required. Synovial fluid 
from knee effusions was drained using a sterile technique, 
and samples were separated, as indicated for venous blood 
samples, into a cellular and supernatant fraction. The 100-uL 
samples of plasma and synovial fluid were immunoas- 
sayed in duplicate for human VEGF using a commercially 
available quantitative enzyme-linked immunosorbent as- 
say kit that measures VEGF 165 (Quantikine; R&D Sys- 
tems, Oxford, England). Although all 4 VEGF species have 
biological activity, VEGF 165 is soluble compared with 
VEGFisg and VEGF206, which remain cell associated and, 
therefore, of relevance in this study. The Quantikine kit 
uses a quantitative sandwich enzyme immunoassay method 
and has a minimum level of detection of 9 pgAnL. 

RNA PREPARATION AND R1BOPROBE 
CONSTRUCTION 

Psoriatic and normal skin specimens were homogenized 
using a manual microhomogenizer. The RNA was pre- 
pared using a method adapted from Chomczynski and. 
Sacchi. 27 A VEGF riboprobe was designed to protect the 
full length of the smallest isoform (VEGF m , yielding a 471- 
base band, with a lower band of 427 bases representing the 
remaining isoforms). This 520-base probe was generated 
by linearizing the full-length complementary DNA for 
VEGF 12 i (including 26 bp of 3' untranslated sequence) 
cloned into pBluescript SK with EcoRV and transcribed with 
T7RNA polymerase. 

RIBONUCLEASE PROTECTION ANALYSIS 

A minimum of 100000 cpm of each antisense riboprobe was 
hybridized overnight at 55°C to each sample with transfer 
RNA as a negative control. The RNase digestion of the un- 
hybridized RNA fragments was achieved by adding RNase di- 
gestion buffer containing RNases A and Tl to each sample. 
RNases were inactivated with 12.5 uL of a mixture contain- 
ing 16% sodium dodecylsulphate solution with proteinase K, 
4 ug/uL. After phenol extraction and ethanol precipitation, 
the samples were resuspended and loaded onto 5% poly- 
acrylamideAirea sequencing gels followed by autoradiogra- 
phy. 28 In each hybridization, an antisense transcript corre- 
sponding to human DNA topoisomerase transcribed from a 
construct was included as an internal control. Positive con- 
trol messenger RNA from a breast carcinoma was loaded onto 
each gel. The resulting bands were quantitated densitometri- 
cally using a standard Gel Plotting macro and a software pro- 
gram (NIH Image 1.61; National Institutes of Health, Bethesda, 
Md). Vascular endothelial growth factor signals were nor- 
malized to the internal control (DNA topoisomerase). 



riasis, systemic disturbance is not uncommon; fever, fluid 
imbalance, and thermoregulatory dysfunction are recog- 
nized complications. In chronic plaque psoriasis, micro- 
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Table 1. Plasma VEGF Concentrations and PASI Scores In 22 Patients With Psoriasis During Relapse and Remission* 



Relapse Remission 



Patient No. 


Psoriasis Tvna 

1 out 1 UOlu 1 |p u 


Arthritis 

m mi mo 


PASI Score 


VEGF nn/mL 


PA^I Qrnrn 

rMoi ocore 


vtur, pg/mL 


1 


GPP 


- 




1003.5 


14.4 


545.3 


2 


GPP 


+ 




472.7 


10.0 


133.2 


3 


GPP 


- 




525.5 


11-2 


19.8 


4 


GPP 


+ 




391.9 


3.3 


174.5 


5 


GPP 


+ 




194 


8.2 


98.5 


6 


EdP 


- 


42.0 


121.1 


8.4 


36.8 


7 


EdP 


+ 


31.8 


96.8 


8.8 


8.0 


8 


PIP 


+ 


42.2 


470 


7.6 


192 


9 


PIP 


+ 


42.0 


215 


4.3 


131.5 


10 . 


PIP 


+ 


35.3 


308.7 


3.7 


82.5 


11 


PIP 




33.0 


211.4 


5.0 


55.3 


12 


PIP 




28.7 


45 


3.3 


52.6 


13 


PIP 


+ 


27.8 


536 


4.3 


133.4 


14 


PIP 


+ 


27.0 


235.1 


2.4 


94.1 


15 


PIP 




25.1 


92.6 


3.2 


64.7 


16 


PIP 




20.4 


86.1 


8.3 


119.1 


17 


PIP 


+ 


18.9 


159.6 


7.7 


88.1 


18 


PIP 




17.8 


67.6 


4.3 


86.1 


19 


PIP 




17.6 


206.8 


1.9 


74.8 


20 


PIP 




16.7 


73.1 


2.4 


14.9 


21 


PIP 




14.0 


53.2 


1.6 


9.9 


22 


PIP 




12.6 


78.1 


1.3 


45.9 



•VEGF indicates vascular endothelial growth factor; PASI, Psoriasis Area and Severity Index; GPP, generalized pustular psoriasis; no arthritis; ellipses, not 
applicable; +, active arthritis present; EdP, erythrodermic psoriasis; and PIP, plaque psoriasis. 



albuminuria indicates subclinical renal microvascular 
hyperpermeability, 18 whereas further studies 19 have dem- 
onstrated that the extent of albuminuria reflects the de- 
gree of psoriatic skin involvement. Microalbuminuria in 
psoriasis may result from the activity of a circulating per- 
meability factor produced by lesional tissue. Following our 
reported 20 observation of elevated plasma VEGF in eryth- 
rodermic psoriasis, we hypothesize that in severe psoria- 
sis, VEGF, elaborated by lesional psoriatic tissue, enters 
the systemic circulation and acts in an endocrine fashion 
on renal microvasculature to induce clinically significant 
hyperpermeability. 

There are several reports 21 - 22 of severe pulmonary edema 
occurring in patients with generalized pustular psoriasis 
(GPP) , the edema accumulating as a direct consequence of 
increased pulmonary microvascular permeability. Hypo- 
albuminemia is a common complication of GPP, and this 
association may again reflect microvascular hyperperme- 
ability with protein loss into the gastrointestinal or renal 
tracts. In the present study, renal microvascular permeabil- 
ity and circulating VEGF have been quantified in patients 
with GPP during relapse and remission. In a larger group 
of patients with moderate and severe psoriasis, correlation 
has been sought between the extent of skin involvement 
and plasma VEGF concentration and between the presence 
of psoriatic arthritis and plasma VEGF concentration. Le- 
sional skin and joint fluid has been assayed to identify the 
source of circulating VEGF in psoriasis. 



RESULTS 



URINARY PROTEIN EXCRETION RATES 

All 5 patients with GPP demonstrated pathological 
UPERs during relapse (range, 0.15-1.59 ^24 h; mean, 
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Table 2. Clinical Details and Synovial VEGF Concentrations 
in 8 Patients With Psoriatic Arthritis* 





Patient No. 


Arthritis 


Synovial VEGF, pg/mL 


1 


Oligoarthritis 


2528.6 


2 


Oligoarthritis 


2411.1 


3 


Monoarthritis 


3284.5 


4 


Oligoarthritis 


463.8 


5 


Oligoarthritis 


1258.6 


6 


Oligoarthritis 


1225.0 


7 


Oligoarthritis 


2614.4 


8 


Oligoarthritis 


1990.2 



♦VEGF indicates vascular endothelial growth factor. 



0.55 g/24 h; reference value, <0.15 g/24 h). During re- 
mission, 4 of 5 UPER values returned to within refer- 
ence values (range, 0.09-0.20 g/24 h; mean, 0. 14 g/24 h; 
reference value, <0.15 g/24 h) (Figure 1 ). There was a 
mean 4- fold increase in UPER in relapse compared with 
remission. 

PLASMA VEGF ANALYSIS 

The 5 patients with GPP demonstrated mean plasma 
VEGF levels 2.6-fold greater in relapse compared with 
remission (Figure 2). In the larger group of 22 patients 
(5 with GPP, 2 with erythrodermic psoriasis, and 15 
with moderate-severe plaque psoriasis), mean plasma 
VEGF relapse concentration was approximately 2.5 times 
greater than VEGF^^ (mean ± SEM VEGF rdapse = 25 7 ± 49 
pg/mLand VEGF mnbsion = 103±6.7pg/mL;P<.01, 2-sample 
t test) (Figure 3). Plasma VEGF concentration in an age- 
and sex-matched control group (n= 17) was significantly 
lower than VEGF relapsc and VEGF remission (mean ± SEM 
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Figure 1. Urinary protein excretion rate (UPER) in 5 patients with generalized 
pustular psoriasis during relapse and remission. 



VEGF remission = 1 03 ± 6.7 pg/mL, VEGF comrol = 24.7 ± 6.7 pg/ 
mL; P<.001, 2-sample t test) (Figure 3). 

Comparison of plasma VEGF levels in patients 
with severe psoriasis (GPP + PASI score >30) (n=ll) 
vs those with moderate psoriasis (PAS1 score <30) 
(n= 11) demonstrated significantly higher VEGF levels 
in the severe group (mean±SEM VEGF scvcrc = 365 ± 78 
pg/mL, VEGF modcmc =149±43 pg/mL; P=.03, 2-sample 
t test) (Figure 4). 

A relationship was demonstrated between circu- 
lating VEGF levels and the presence of active psoriatic 
arthritis (mean±SEM relapse VEGFanhritis^ 277 ±53 pg/mL 
[n= 10], mean relapse VEGF nonanhrids = 103.5 ± 19.0 pg/mL 
[n=12]; P=.03, 2-sample t test) (Figure 5). 

PSORIATIC SYNOVIAL FLUID VEGF ANALYSIS 

In another group of 8 patients with active psoriatic ar- 
thritis, synovial fluid VEGF was assayed using enzyme- 
linked immunosorbent assay (Table 2). The VEGF en- 
zyme-linked immunosorbent assay has a minimum level 
of detection for VEGF 165 of 9 pg/mL. High synovial VEGF 
concentrations (mean±SEM, 1972±221.1 pg/mL) were 
identified in each case. 

RIBONUCLEASE PROTECTION ANALYSIS 

Ribonuclease protection assays for VEGF are shown in 
Figure 6. Short (48-hour) exposure demonstrated a 
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Figure 2. Plasma vascular endothelial growth factor (VEGF) concentration in 
5 patients with generalized pustular psoriasis during relapse and remission. 



strong signal for VEGF in all 4 psoriasis samples. In nor- 
mal skin (n= 3) at the same exposure, VEGF signals are 
of low intensity. To obtain values of fold-change in mes- 
senger RNA levels, messenger RNA abundance was quan- 
titated from autoradiographic data by scanning laser den- 
sitometry. Signals from the VEGF messenger RNA were 
normalized to those of the internal topoisomerase con- 
trol. Quantification by this method showed an approxi- 
mate 4-fold increase in VEGF signal in lesional vs nor- 
mal skin. 





COMMENT 









Our findings demonstrate that GPP is accompanied by 
pathological proteinuria and markedly elevated concen- 
trations of plasma VEGF. During remission, urinary pro- 
tein excretion normalizes and circulating VEGF levels 
return to control values. In a larger group of patients 
(including those with GPP, erythrodermic psoriasis, 
and plaque psoriasis), plasma VEGF concentration is 
consistently higher in relapse than in remission and is 
significantly elevated in patients with extensive skin 
involvement and active joint disease. We suggest that 
VEGF, synthesized in psoriatic skin and synovium, 
enters the systemic circulation and may act on renal 
microvasculature to induce hyperpermeability with con- 
sequent proteinuria. 

Renal microvascular hyperpermeability permits the 
escape of larger protein molecules and those of smaller mo- 
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Figure 3. Mean plasma vascular endothelial growth factor (VEGF) 
concentration in 22 patients with psoriasis (5 with generalized pustular 
psoriasis, 2 with erythrodermic psoriasis, and 15 with moderate-severe 
plaque psoriasis) during relapse and remission vs 17 age- and sex-matched 
controls. Error bars represent SEM. 



lecular weight (eg, albumin), which pass into the glo- 
merular filtrate and are clinically measurable as protein- 
uria. Microalbuminuria, defined as mildly elevated levels 
of proteinuria (30-200 mg/L), has been reported in pa- 
tients with mild-moderate psoriasis by Cecchi et al. 19 The 
mean UPER in their cohort of patients with a PASI score 
greater than 1 1 was 28.8 mg/24 h, whereas the mean re- 
lapse UPER in our GPP group was 560 mg/24 h, which 
reduced to 140 mg/24 h during remission (reference value, 
<150 mg/24 h). The results of Cecchi and colleagues 
and our own data suggest the presence of renal micro- 
vascular hyperpermeability in psoriasis that increases 
with intensity of skin disease but reverses with success- 
ful treatment. 

Within the papillary dermis of lesional, psoriatic 
skin, the superficial microvasculature is characterized 
by an angiogenic and hyperpermeable phenotype, fea- 
tures that contribute to the development and persis- 
tence of skin lesions in psoriasis. Microvascular hyper- 
permeability at any site can be mediated by several 
biologically active substances, including VEGF, which 
has permeability activity 40000 times greater than his- 
tamine on a molar basis. 29 Detmar et al 13 initially identi- 
fied VEGF overproduction in psoriatic epidermis, and 
they 30 subsequently demonstrated the central role of 
keratinocyte-derived VEGF in changes to underlying 
superficial dermal microvasculature. In addition to act- 
ing locally to induce angiogenesis and microvascular 
hyperpermeability, circulating VEGF has been impli- 
cated in systemic capillary permeability associated with 
conditions such as ovarian hyperstimulation syndrome 
and tumor ascites. 17 - 31 Other studies have demonstrated 
up-regulation of VEGF in pathological conditions char- 
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Figure 4. Comparison of mean plasma vascular endothelial growth factor 
(VEGF) levels in patients with severe psoriasis (generalized pustular 
psoriasis and Psoriasis Area and Severity Index [PASI] score >3Q) (n=11) 
vs patients with moderate psoriasis (PASI score <30) (n=11). Error bars 
represent SEM. 



acterized by proteinuria and increased renal microvas- 
cular permeability. 32 

Bhushan et al 11 reported an association among VEGF 
concentration in lesional skin, extent of psoriatic skin in- 
volvement (PASI), and VEGF concentration in periph- 
eral blood. In our experiments, the finding that patients 
with severe psoriasis (GPP + PASI score >30) had signifi- 
cantly higher levels of plasma VEGF compared with pa- 
tients with moderate psoriasis (PASI score <30) again sug- 
gests that circulating levels of VEGF reflect the extent of 
psoriatic skin involvement. Further evaluation revealed that 
patients with active psoriatic arthritis had significantly 
higher levels of circulating VEGF than those without ar- 
thropathy, whereas separate experiments demonstrated 
high concentrations of VEGF in the articular Quid of in- 
volved psoriatic joints. High synovial VEGF concentra- 
tions in psoriatic synovial fluid were initially reported by 
Fearon et al, 33 and our results are consistent with their data. 
These findings indicate that an articular source may con- 
tribute, along with the cutaneous source, to circulating 
VEGF concentration in patients with active psoriasis. 

We hypothesize that there may be a causal relation- 
ship between renal microvascular hyperpermeability in pa- 
tients with severe psoriasis and high circulating VEGF lev- 
els. Reports of pulmonary edema in GPP secondary to the 
capillary leak syndrome suggest the involvement of pulmo- 
nary microvascular hyperpermeability , which may be me- 
diated by a circulating vasoactive cytokine, such as VEGF. 16,17 
Although the renal and pulmonary vasculature can respond 
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Figure 5. Comparison of mean plasma vascular endothelial growth factor 
(VEGF) levels in patients with psoriasis and active arthritis (n=10) vs those 
with psoriasis without arthritis (n=12) during disease relapse. Error bars 
represent SEM. 
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Figure 6! Ribonuclease protection assays for vascular endothelial growth 
factor (VEGF) messenger RNA from lesional psoriatic skin (n=4) and normal 
non psoriatic skin (n=3). Control messenger RNA was from a breast 
carcinoma sample. The internal control is DNA topoisomerase (TOPO). 



to circulating permeability signals in severe psoriasis, other 
microvascular beds seem to be resistant to systemic hyper- 
permeability factors. Organ-dependent variations in response 
to VEGF may be explained by a lack of accessibility of bio- 
active VEGF in certain sites or because of qualitative or quan- 
titative differences in VEGF receptors. 

Plasma VEGF analysis in patients with severe psoria- 
sis maybe a useful predictor of clinical outcome and affect 
management In addition, VEGF and VEGF-mediated path- 
ways may represent potential targets in the development 
of future therapeutic strategies in psoriasis. 
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ABSTRACT 



The invention relates to a therapeutic agent for disorder in 
brain and nerve containing HGF (hepatocyte growth factor) 
as an active ingredient, and a method for treatment of 
disorder in brain and nerve comprising administration of 
HGF. The active ingredient HGF possesses an action to 
prolong survival of brain and nerve cells, and the injured 
brain or nerves may be regenerated and restored. Therefore, 
the therapeutic agent and method for treatment of the 
invention are useful for prevention and treatment of various 
disorder in brain and nerve (for example, dementia, senile 
dementia of Alzheimer type, cerebral stroke, and cerebral 
infarction). 

3 Claims, 8 Drawing Sheets 
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What is claimed is: tacting the neurons with an effective amount of human HGF 

1. A method of promoting survival of neurons following protein comprising SEQ ID NO: 2 or SEQ ID NO:4. 

cerebral stroke/ischemia or promoting survival of hippoc- 3. a method of prolonging survival of hippocampal or 

ampal or olfactory bulb neurons of a human or a mammal, olfactory bulb neurons during cerebral stroke and cerebral 

which comprises administering an effective amount of 15 infarclion> which comprises administering an effective 

human HGF protein comprising SEQ ID NO: 2 or SEQ ID Qf human HGp prQtein comprising SEQ [D N0: 2 



NO: 4. 

2. A method of prolonging the survival of neurons fol- or ^ ^ 
lowing cerebral stroke/ischemia or prolonging the survival 
of hippocampal or olfactory bulb neurons comprising con- 



CPC View EVALUATION - In use for 4 days 
To purchase CPC View, visit http://www.cartesianinc.com/Register/ 



